In this paper we work out the perturbation theory and the renormalization procedure for Abelian gauge elds quantized following the method inspired by the work of Penrose. We compute the fermion mass and wave-function renormalization as well as the photon mass and wave-function renormalization to one-loop order and nd complete agreement with the usual canonical quantization results. We also prove the Ward identity, to one-loop order. We use transverse dimensional regularization for these results.
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Introduction
In previous papers 1] 2] 3] 4] 5] a quantization was introduced which treated x + and x ? on equal footing 6] . In the present paper we work out the perturbation theory and the renormalization method for observables up to rst order in the gauge coupling .
In honor of the rst person who pointed out that such a construction as presented here and in 1] contains no constraints, we would like to call this Penrose quantization. 7] The outline is as follows: we start where the previous paper left o , and show how to construct the generators P ? and P + for evolution along x + = 0 and x ? = 0 respectively. We do this using perturbation theory, being unable to construct a non-perturbative solution. We then show how the renormalization procedure works out, following closely the method of Harindranth and Zhang. 8] . We do this for several physical observables. We have the operator U, which undresses the Heisenberg operators when we go to the interaction picture:
Reduced Phase Space Quantization of QED
U(x + ; x + 0 ) = T + exp ?i Here, is an in nitesimal number which we take to zero at the end of the calculation. There is a similar expansion for V (x ? ; x ? 0 ). Then, the perturbative expansion is as follows : the fully interacting state vector j > is constructed out of j >, the eigenvector of the free Hamiltonians 
Renormalization in the Penrose Quantization
We develop now a renormalization procedure based on perturbation theory which we have discussed above as well as some ideas from olde fashion perturbation theory. Note that since both P ? and P + are dynamical, this is quite a bit di erent than the usual front-form renormalization 8 We are ready to apply this to perturbation theory: we can calculate the fermion mass renormalization and wave-function renormalization to one-loop. This is pretty straight-forward.
Since both P + and P ? are dynamical, we get contributions from both of them. First, let us compute the contributions from P ? , denoted by P ? , for an electron with momentum p : P ? = P ? 1 which is identical to the usual canonical quantization result 16] . The key is that we get the same singularity structure. Note the feature that infrared singularities cancel and ultraviolet singularities are only logarithmic, like in the canonical treatment. We also get the same coe cient as in the canonical calculation.
We can also obtain now the fermion wave-function renormalization (4. Again, this is very similar to the usual calculations 16], down to the singularity structure, but with di erent coe cients than usual. The main di erence is that we have products of infra-red and ultra-violet divergences, similar to 8].
One-Loop Photon Mass Renormalization and Wave-Function Renormalization
We look now at the one-loop quantum correction to the photon mass and wavefunction . We proceed like we did in the previous chapter. We get one contribution from the remaining piece of the Hamiltonian H e + e ? A plus a contribution from the piece H e + e ? AA : P ? = P ? 1 Note that the one-loop correction to the photon mass is exactly zero! This is the rst front-form calculation which gives a zero photon mass renormalization (to one loop). It is reassuring that we get this result, since we quantized only the physical degrees of freedom.
We get now the photon wave-function renormalization by simply using the formula introduced above (4. This also agrees with the usual canonical results 16] , and insures that we get the same beta-function for the photon as well .
Ward Identity
There is one more thing to compute and that is the vertex correction. We also want to check that the vertex renormalization Z 1 is the same as the one for the fermion, Z 2 . For this we use the de nition in (4.10)], with the initial, nal states being electrons, with momenta p and p 0 respectively, and the vertex being one photon with momentum q . We obtain , in the limit in which q, the photon momentum transfer q = p 0 ? p = 0 
Conclusions
This new method of quantizing elds on the front-form seem to give consistent results in perturbation theory, applied to QED. It seems that the singularity structure is simpli ed, so that to one-loop the infrared and ultraviolet singularities are logarithmic only. We also obtain that the photon mass stays zero to one-loop, a rst for front-form quantization. 
